Background Epidermal deficiency of filaggrin, and the derived natural moisturizing factors (NMFs), is associated with increased risk of atopic dermatitis (AD). While filaggrin gene mutations cause filaggrin deficiency, there is limited insight into the causative environmental factors. Objectives To explore the effect of selected exogenous skin stressors on NMF and skin cytokine levels in healthy adult epidermis. Methods Forty healthy volunteers (aged 18-49 years) were exposed to hard, soft and chlorinated water, 0Á5% sodium lauryl sulfate, house dust mite, cat allergen, staphylococcal enterotoxin B (SEB), cooling and histamine. Participants were tape-stripped and biophysiological measurements performed. NMF was determined after 24 and 48 h, whereas skin cytokines were measured after 24 h for selected exposures. Results At 24 h, a significant decrease in NMFs was observed for soft (0Á51 AE 0Á19 g m À2 h À1 ) and hard water (0Á61 AE 0Á32 g m À2 h À1 ) compared with occlusion
Summary
Background Epidermal deficiency of filaggrin, and the derived natural moisturizing factors (NMFs), is associated with increased risk of atopic dermatitis (AD). While filaggrin gene mutations cause filaggrin deficiency, there is limited insight into the causative environmental factors. Objectives To explore the effect of selected exogenous skin stressors on NMF and skin cytokine levels in healthy adult epidermis. Methods Forty healthy volunteers (aged 18-49 years) were exposed to hard, soft and chlorinated water, 0Á5% sodium lauryl sulfate, house dust mite, cat allergen, staphylococcal enterotoxin B (SEB), cooling and histamine. Participants were tape-stripped and biophysiological measurements performed. NMF was determined after 24 and 48 h, whereas skin cytokines were measured after 24 h for selected exposures. Results At 24 h, a significant decrease in NMFs was observed for soft (0Á51 AE 0Á19 g m À2 h À1 ) and hard water (0Á61 AE 0Á32 g m À2 h À1 ) compared with occlusion alone (0Á71 AE 0Á18 g m À2 h À1 ). Hard water led to increased levels of interleukin (IL)-4, interferon (IFN)-c and IL-10. Exposure to house dust mite and SEB led to a significant decrease in NMFs after 24 h (0Á77 AE 0Á28 and 0Á80 AE 0Á28 g m À2 h À1 , respectively) compared with occlusion alone (1Á00 AE 0Á42 g m À2 h À1 ). House dust mite led to an increase in IFN-c, IL-2 and IL-4 vs. the nonoccluded control site.
Conclusions Based on experimental exposure to selected atopic skin stressors, we conclude that NMFs levels are decreased along with increased secretion of various skin cytokines in healthy individuals. Our data highlight environmental factors that might play a role in AD pathophysiology.
What's already known about this topic?
• Epidermal deficiency of filaggrin and the derived natural moisturizing factors (NMFs) due to filaggrin gene mutations causes xerosis and increases the risk of atopic dermatitis (AD). Once AD is present, inflammation further downregulates filaggrin expression.
• Atopic skin stressors such as hard water, bacterial colonization, house dust mite and a winter climate have been associated with AD; however, limited data are available on their effect on NMFs and skin cytokines.
What does this study add?
• In normal adult skin, experimental exposure to water, house dust mite and bacterial toxin led to decreased levels of NMFs and increased secretion of cytokines.
What is the translational message?
• We have identified mechanistic details about common environmental factors that can negatively affect the skin barrier, and suggest that these may be involved in the aetiopathogenesis of AD.
Filaggrin proteins are essential for normal epidermal architecture and skin barrier function. 1 After alignment of keratin filaments, filaggrin is degraded into hygroscopic amino acids, which are part of the skin's natural moisturizing factors (NMFs). While genetic, inflammatory and drug aetiologies of epidermal filaggrin deficiency are well established, there is little insight into environmental skin stressors that may reduce filaggrin and NMF levels. 15 Such information is important to reduce culprit exposures in patients with AD and those at risk of developing it. Exposure to skin stressors such as water, house dust mite and cat dander has been associated with an increased risk of AD or exacerbation of AD. [16] [17] [18] [19] [20] [21] Furthermore, autumn and winter births increase the risk of AD. 18, [22] [23] [24] [25] Corneocytes cultured in the presence of histamine, the main mediator of itch, have reduced expression of filaggrin, 26, 27 suggesting that one of the hallmark symptoms of AD might further impair skin barrier function. In this experimental study, we explored the effect of selected exogenous skin stressors on the levels of NMFs and cytokines in healthy adult epidermis.
Materials and methods

Study participants
Forty healthy volunteers aged 18-49 years were recruited and divided into two groups. Exclusion criteria were FLG mutations, xerosis, history of/current AD, inflammatory diseases (e.g. psoriasis, rheumatoid arthritis, inflammatory bowel disease), asthma or rhinitis in adulthood, pregnancy/lactation, or intense exposure to ultraviolet irradiation within 4 weeks. Participants in the second exposure group were excluded if they had house dust mite or cat allergy. First exposures were conducted in April-June 2015 and included seven men and 13 women [median age 24 years (range ]. Second exposures were conducted in October 2015-January 2016 and included nine men and 11 women [median age 24 years (range ]. The number of participants in each group (n = 20) was based on a calculation where the power was set at 80% (P < 0Á05) to detect a difference in NMF levels of 15% vs. wild-type NMF levels.
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All participants gave informed written consent. The study was conducted in accordance with the Declaration of Helsinki principles. The protocol was approved by the regional ethics committee (H-6-2014-100) and the Danish Data Protection Agency.
Genotyping
Participants were genotyped for three prevalent FLG mutations in the Northern European population (R501X, 2282del4 and R2447X). Genomic DNA was extracted from buccal swabs (Isohelix, Harrietsham, UK) and analysed by a multiplex polymorphism analysis. 29 
Biophysiological measurements
Biophysiological measurements were performed in a tempered room (room temperature 21-24°C and humidity levels of 35-60%). Participants were acclimatized for at least 30 min before measurements were taken. Three consecutive transepidermal water loss (TEWL) and skin hydration measurements were done with a multiprobe adaptor system (Tewameter â TM 300 and Corneometer â CM 825; Courage and Khazaka Electronic GmbH, Cologne, Germany). The mean value was calculated and used in statistical analyses. Participants were instructed not to use emollients on their forearms 5 days prior to study start or to take a shower/bath 1 day prior to the study start and throughout the study period.
Exposures and study set-up
The exposures were chosen owing to their previous association with AD risk or exacerbation. Exposure to sodium lauryl sulfate (SLS) has been shown to decrease filaggrin and NMFs in the skin, and was thus included as a positive control. 2, 30 All exposures were performed on the volar aspect of both forearms. Twenty participants were exposed to different water types by the use of Finn Chambers â (hard, soft and chlorinated water) and 0Á5% SLS, and 20 participants were exposed to house dust mite, Staphylococcal enterotoxin B (SEB), cat allergen, histamine by skin prick and cooling (Table S1 ; see Supporting Information). An empty Finn Chamber â was applied to evaluate the effect of occlusion alone. All exposures were performed in duplicates to measure skin changes 24 and 48 h after application. The order of exposures was randomized to minimize the influence of anatomical variation. Participants were seen over three consecutive days. On the first day, the exposures were either performed or applied onto the skin. After 24 h, the chambers were removed. Excessive moisture and residues were cleaned off, and participants were acclimatized for 30 min before measurements. Hereafter, tape stripping was performed at one of two exposure sites and a nonoccluded control site. After 48 h, the skin measurements and tape stripping were performed at the second exposure sites and a nonoccluded control site.
Determination of filaggrin degradation products (natural moisturizing factors) in the stratum corneum
The level of filaggrin degradation products [histidine, pyrrolidone carboxylic acid and urocanic acid (trans and cis isomer)] was determined in tape strips by using high-performance liquid chromatography. 31 Round, adhesive tapes [3Á8 cm 2 (D-Squame; CuDerm, Dallas, TX, U.S.A.)] were attached to skin on the volar forearm and pressed on for 5 s with a standardized force (D500-D-Squame Pressure Instrument; CuDerm), gently removed with tweezers and stored in a closed vial at -20°C. The fourth consecutive tape was used for the analysis. A description of the analysis can be found in Appendix S1 (see Supporting Information).
Cytokine analyses
We measured the presence and levels of selected cytokines (IFNc, TNF-a, IL-1a, IL-1b, IL-2, IL-4, IL-10, IL-13, IL-18) in the stratum corneum at the control site (nonoccluded) and after selected exposures (hard water, soft water, 0Á5% SLS, house dust mite, SEB). The seventh consecutive tape from tape stripping was chosen for the analysis, where cytokine levels were expected to be stable. 32 The cytokine analyses were performed by using a multiplex assay with human antibodies (MESO QuikPlex SQ 120 Assay; MSD, Rockville, MD, U.S.A.). A detailed description can be found in Appendix S1 (see Supporting Information).
Statistics
Statistical calculations were performed using SPSS Statistics 22 (IBM, Armonk, NY, U.S.A.) and GraphPad Prism 7 (GraphPad Software, San Diego, CA, U.S.A.). To check the distribution of data, the Shapiro-Wilk test was used. In case of normal distribution, a paired-sample t-test was used to test the statistical difference between the nonoccluded and occluded control site and the exposed areas. In case of deviation from normal distribution, we used the two-sided Wilcoxon signed-rank test. To correct for multiple comparisons, a repeated measures ANOVA followed by Holm-Sidak correction was performed when the majority of data were normally distributed, and a Friedman test followed by Dunn's correction when the majority of data deviated from normal distribution. Correction was performed for each end point (NMFs, TEWL and skin hydration) at 24 and 48 h and for each cytokine separately. Occlusion alone was used as control for exposures performed with occlusion, whereas the nonoccluded control site was used for exposures without occlusion for NMFs, TEWL and skin hydration. For cytokine analyses, data regarding occlusion alone were not available, and the nonoccluded control site was thus used as the reference value. Significance was set at P < 0Á05 for analyses regarding NMFs, TEWL and skin hydration. In the cytokine analyses, we chose a more conservative approach and set the significance level at P < 0Á01. All P-values were two-sided.
Results
In total, 5% of the study participants (n = 2) were FLG mutation carriers, one participant in part 1 of the study and one participant in part 2 (both heterozygous for the mutation 2282Del4) and were thus excluded. Overall, a negative correlation between NMFs and TEWL [Spearman's rho -0Á301; 95% confidence interval (CI) -0Á383 to 0Á214 (P < 0Á001)], and an overall weak, but positive, correlation between NMFs and hydration [Spearman's rho 0Á133; 95% CI 0Á044-0Á220 (P = 0Á004)] was found.
Part 1: exposure to different types of water Table S2 shows the mean AE SD values of NMFs, TEWL and skin hydration at 24 and 48 h. All exposures, except chlorinated water led to a significant decrease in NMFs at 24 h compared with occlusion alone (Fig. 1) . After correction for multiple comparisons, soft water and 0Á5% SLS remained significant (P < 0Á05 and P < 0Á001, respectively). Only exposure to 0Á5% SLS led to a significant increase in TEWL (25Á9 AE 8Á3 vs. 11Á8 AE 3Á3 g m À2 h À1 ; P < 0Á001), which remained significant after correction (P < 0Á001). A significant decrease in skin hydration was observed for all exposures in the uncorrected and corrected analyses. No difference in NMFs was found between hard and soft water (data not shown). At 48 h, NMF was significantly reduced for hard water, soft water, chlorinated water and 0Á5% SLS compared with occlusion alone, and remained significant after correction (Fig. 1) . For TEWL, a significant increase was found for all exposures compared with occlusion alone; however, only exposure to 0Á5% SLS remained significant after correction (32Á0 AE 14Á1 vs. 8Á2 AE 2Á2 g m À2 h À1 ; P < 0Á001). Skin hydration was significantly decreased for all exposures, and remained significant after correction.
Compared with a nonoccluded control site, occlusion alone led to a significant decrease in NMFs at 24 h (0Á71 AE 0Á18 vs. 0Á87 AE 0Á28 mmol g À1 protein; P < 0Á01), but the difference was not evident after correction (Fig. 1) . TEWL was significantly higher at 24 h (11Á8 AE 3Á3 vs. 8Á2 AE 2Á3 g m À2 h À1 ) (P < 0Á001), and remained significant after correction (P < 0Á001). Exposure to occlusion alone led to significantly higher skin hydration in both the uncorrected [46Á3 AE 9Á5 vs. 39Á0 AE 7Á4 arbitrary units (AU); P < 0Á01] and corrected analyses (P < 0Á01). No difference in NMF, TEWL or skin hydration was seen between occlusion alone and the control site after 48 h.
Part 2: exposure to house dust mite, staphylococcal enterotoxin B, cat allergen, cooling and histamine Table S3 (see Supporting Information) shows the mean AE values of NMFs, TEWL and skin hydration at 24 and 48 h. At 24 h, a significant decrease in NMFs was found after exposure to house dust mite (0Á77 AE 0Á28 mmol g À1 protein), SEB (0Á80 AE 0Á28 mmol g À1 protein) and cat allergen (0Á89 AE 0Á24 mmol g À1 protein) compared with occlusion alone (1Á00 AE 0Á42 mmol g À1 protein) (Fig. 2) . However, after correction, the significance was no longer evident. TEWL was significantly lower after exposure to house dust mite (9Á7 AE 2Á1 g m À2 h À1 ) and cat allergen (8Á4 AE 1Á7 g m À2 h À1 ) compared with occlusion alone (12Á2 AE 2Á7 g m À2 h À1 ; P < 0Á001 and P < 0Á001, respectively), and remained significant after correction.
Exposure to cooling led to a significant decrease in TEWL compared with the nonoccluded control site in the uncorrected and corrected analyses (both P < 0Á001). SEB was the only exposure that led to a significant decrease in skin hydration at 24 h compared with occlusion alone (29Á6 AE 4Á9 vs. 48Á7 AE 8Á3 AU) in both the uncorrected (P < 0Á001) and corrected (P < 0Á001) analyses. Exposure to histamine led to a significant increase in skin hydration compared with the nonoccluded control site, and remained significant after correction. At 48 h, there was a significant increase in NMFs for house dust mite (1Á06 AE 0Á23 mmol g À1 protein) and SEB (0Á97 AE 0Á28 mmol g À1 protein) compared with occlusion alone (0Á85 AE 0Á25 mmol g À1 protein) (Fig. 2 ) but was only significant for house dust mite after correction (P < 0Á01). TEWL was significantly increased after exposure to house dust mite
, and remained significant after correction. Compared with the nonoccluded control site, exposure to cooling and histamine led to a significant decrease in TEWL both in the uncorrected and corrected analyses. Finally, hydration was significantly increased for house dust mite (42Á2 AE 5Á4 AU) and cat allergen (45Á0 AE 7Á4 AU) compared with occlusion alone (39Á1 AE 7Á1 AU), but after correction the difference was only significant for cat allergen.
Occlusion alone compared with a nonoccluded control site showed no difference in NMFs at 24 or 48 h (Fig. 2) . TEWL Total levels of natural moisturizing factors (NMFs), transepidermal water loss (TEWL) and skin hydration at 24 and 48 h in part 1 of the study. Data are presented as boxplots with Tukey-style whiskers. The statistical difference between occlusion alone, the other exposures and the nonoccluded control site was tested. Paired-samples t-test was used in case of normal distribution and Wilcoxon signed-rank test in case of deviation from normal distribution. Statistical significance was set at P < 0Á05. *P < 0Á05, **P < 0Á01, ***P < 0Á001, ****P < 0Á0001. Marked in red are the results that are significant after correction for multiple comparisons. ns, nonsignificant; AU, arbitrary unit; SLS, sodium lauryl sulfate.
was significantly increased at 24 and 48 h for occlusion alone, and remained significant after correction. Skin hydration was significantly increased at 24 h in both the uncorrected and corrected analyses.
Cytokine analyses after 24 h
The mean AE SD of log-transformed cytokine values 24 h after selected skin exposures can be seen in Tables S4 and S5 (see  Supporting Information) . IL-18 was excluded from both parts as > 90% of the values were below the range of detection or fell below the fit curve range after exposure. Furthermore, TNF-a, IL-2 and IL-13 were excluded from part 1 as > 50% of the measured cytokine values were below the detection range, whereas TNF-a was excluded from part 2 (Table S6; see Supporting Information). Exposure to hard water led to a significant increase not only in IL-4, but also in IFN-c and IL-10 compared with the control site (nonoccluded; Fig. 3 ). No significant increase of cytokines were found for soft water compared with the control site. Exposure to 0Á5% SLS led to a significant increase in IFN-c and IL-10 compared with the control site. Correction for multiple comparisons did not change the results.
Compared with the control site, a significant increase in IFN-c, IL-2, IL-4 and IL-10 was seen after exposure to house dust mite (Fig. 4) ; however, for IL-10, no significant difference was seen after correction. Exposure to SEB led to a significant increase in IL-1a compared with the control site, but the difference was not evident after correction.
Discussion
Prolonged exposure to soft and hard water led to a significant decrease in NMFs after 24 h compared with occlusion alone. After 48 h, soft, hard and chlorinated water led to a significant decrease in NMFs. Hard water increased epidermal levels of IFN-c, IL-4 and IL-10. House dust mite exposure, SEB and cat allergen led to a significant decrease in NMFs after 24 h, whereas after 48 h the NMF levels were significantly increased for house dust mite and SEB compared with occlusion alone. House dust mite led to an increase of IFN-c, IL-2, IL-4 and IL-10, whereas SEB led to a significant increase in IL-1a. Collectively, these exposures represent a selection of atopic skin stressors that negatively affect the skin barrier and ultimately may lead to dermatitis.
Our findings on water corroborate observations from recent experimental and epidemiological studies. Thus, water downregulated FLG expression by 50% after 24 h of occluded exposure. 33 So-called hard water appears to have the most negative effect on the skin barrier, which, in turn, may increase the risk of AD. 34 Accordingly, a higher prevalence of AD in children residing in regions with hard domestic water has been found. 16, 18, 35, 36 A high calcium carbonate content is normally associated with an elevated pH, which may result in Total levels of natural moisturizing factors (NMFs), transepidermal water loss (TEWL) and skin hydration at 24 and 48 h in part 2 of the study. Data are presented as boxplots with Tukey-style whiskers. The statistical difference between occlusion alone and the occluded exposures and between the nonoccluded control site and exposures without occlusion was tested. Paired-samples t-test was used in case of normal distribution and Wilcoxon signed-rank test in case of deviation from normal distribution. Statistical significance was set at P < 0Á05. *P < 0Á05, **P < 0Á01, ***P < 0Á001, ****P < 0Á0001. Marked in red are the results that are significant after correction for multiple comparisons. ns, nonsignificant; AU, arbitrary units; SEB, staphylococcal enterotoxin B.
premature activation of serine proteases that, in turn, degrade corneodesmosomes. 37 Also, pH levels regulate lipid lamellae biosynthesis and desquamation. 38 However, in our study, the soft water, surprisingly, had a higher pH than the hard water (7Á8 vs. 7Á2). These factors could have obscured stronger differences in skin reactivity between soft and hard water. Nonetheless, hard water led to an increase in IL-4, a cytokine that is often upregulated in AD skin. 39 This finding suggests that hard water could have a distinct influence on the immune system. However, a recent study showed that accumulation of skin-irritating SLS residues following a washing regime is associated with use of hard water. 40 Chlorinated water also had a negative effect on the skin barrier, indirectly supporting findings from a recent study, which showed that a washing regime with chlorinated water induced skin irritation. 40 The breakdown of filaggrin is controlled by the water gradient within the stratum corneum. 41 The decreased levels of NMFs after prolonged water exposure could therefore be explained by reduced degradation of filaggrin. Another explanation could be a 'washout' effect, where water extracted NMFs from the stratum corneum. 42 Next to NMF reduction, we observed an increase in TEWL, reflecting reduced skin barrier function, and, possibly, alterations in lipid organization responsible for diffusion of water across the stratum corneum. Collectively, the increased flux of water from the skin and reduced NMF levels are consistent with a decrease in skin hydration 24 h after exposure to the different water types. The role of house dust mite in AD pathophysiology is debated. 43 Application of house dust mite on nonlesional AD skin produces eczema, and also in patients with a negative skin-prick test and without specific IgE against house dust mite. 44, 45 Healthy volunteers with and without specific IgE against house dust mite experience inflammatory skin reactions, although these are less pronounced and less frequent than in patients with AD. 46 Der p3 and Der p9, two of the major allergens in house dust mites, have proteolytic activity and can induce a nonallergic inflammatory response in human pulmonary epithelial cells. 47 Application of house dust mite delays the recovery rate after experimentally induced skin barrier disruption. 48 In the current study, exposure to house dust Log-transformed cytokine levels at 24 h measured at the nonoccluded control site and after exposure to hard water, soft water and 0Á5% sodium lauryl sulfate (SLS). Data are presented as boxplots with Tukey-style whiskers. The statistical difference in cytokine levels at the nonoccluded control site and after exposure to the different water types was tested with the paired-samples t-test in case of normality and the Wilcoxon signed-rank test in case of deviation from normality. The significance level was set at P < 0Á01. *P < 0Á01, **P < 0Á001. Marked in red are the results that are significant after correction for multiple comparisons. ns, nonsignificant; IFN, interferon; IL, interleukin. Log-transformed cytokine levels at 24 h measured at the nonoccluded control site and after exposure to house dust mite and staphylococcal enterotoxin B (SEB). Data are presented as boxplots with Tukey-style whiskers. The statistical difference between the cytokine levels at the nonoccluded control site and after exposure to house dust mite and SEB was tested with the paired-samples t-test in case of normality and the Wilcoxon signed-rank test in case of deviation from normality. The statistical significance level was set at P < 0Á01. *P < 0Á01. Marked in red are the results that are significant after correction for multiple comparisons. ns, nonsignificant; IFN, interferon; IL, interleukin.
mite led to a significant decrease in NMF and increase in IFNc and IL-2 at 24 h. At 48 h there was a significant increase in TEWL and NMF levels compared with occlusion alone, possibly due to a compensatory breakdown in filaggrin and hence increased levels of NMFs. Interestingly, a recent study showed increased expression of T helper (Th)2, Th9 and Th17/Th22 polar cytokines in tissue with eczematous reaction after exposure to house dust mite vs. unexposed skin. 49 SEB, a superantigen that may bypass the normal and controlled activation of the immune system, is produced by strains of Staphylococcus aureus. [50] [51] [52] Experimental application of SEB provokes eczema in both normal and atopic skin. 53 In our study, exposure to SEB reduced NMF levels and skin hydration vs. occlusion alone at 24 h. We observed a significant increase in IL-1a after 24 h. At 48 h, a significant decrease in skin barrier function was found, as indicated by increased TEWL. NMF levels were significantly increased compared with occlusion alone, possibly caused by a compensatory breakdown of filaggrin due to the decrease in skin barrier function. A reduction of ambient humidity and temperature has a negative effect on the skin barrier, and corneocytes cultured in low humidity have been shown to have increased filaggrin degradation. 54, 55 However, in the current study, a 10-min reduction of skin temperature to 10°C did not influence epidermal NMF levels at 24 or 48 h. The same applied to intradermal exposure to histamine. The exposures were only performed once and the short time and limited degree of exposure may explain these results. In the first, but not second, part of the study, occlusion alone led to a significant reduction of NMF levels compared with the nonoccluded control site after 24 h. We cannot explain this difference, but it could possibly be owing to climatic factors, as part 1 was performed between April and June and part 2 was performed between October and January. All measurements and sample collections were performed by one person, minimizing the risk of interpersonal variation. Ideally, the difference in water hardness should have been larger in the current study (449 mg CaCO 3 L À1 vs.
188 mg CaCO 3 L À1 ), and our soft water was still relatively hard according to national definitions, as it can be as low as 118 mg CaCO 3 L À1 . 18 This could have obscured stronger differences in skin reactivity between soft and hard water. For cytokine analyses, data on occlusion alone were not available, and we acknowledge that this is a limitation, as all exposures in the cytokine analyses were performed under occlusion. As house dust mite was prepared in petrolatum, the observed increase in skin hydration at 48 h could, at least in theory, be explained by the effect of petrolatum. 56 Owing to limited space, exposure to petrolatum alone was not performed. No clinical scoring of postexposure reactions was done. Based on experimental exposure to selected daily-life skin stressors such as different water types, allergens and SEB, we conclude that NMF levels are decreased along with increased secretion of various skin cytokines in healthy individuals. Our data highlight environmental factors that might play a role in AD pathophysiology and serve as a basis for a future similar study in patients with AD.
Supporting Information
Additional Supporting Information may be found in the online version of this article at the publisher's website: Table S1 Description of exposures used in the study. Table S2 Total levels of natural moisturizing factors, transepidermal water loss and skin hydration at 24 h and 48 h in part 1 of the study. Table S3 Total levels of natural moisturizing factors, transepidermal water loss and skin hydration at 24 h and 48 h in part 2 of the study. Table S4 Cytokine levels at 24 h, measured at the nonoccluded control site and after exposure to hard water, soft water and 0Á5% sodium lauryl sulfate. Table S5 Log-transformed cytokine levels at 24 h, measured at the nonoccluded control site and after exposure to house dust mite and staphylococcal enterotoxin B. 
